Using finely disaggregated data at six-digit harmonized code classification level, this paper examines the patterns and determinants of horizontal and vertical intra-industry trade in the automobile and electrical appliances sectors during the past few decades among the six major Southeast Asian countries. It is found from the analysis of the data that intra-industry trade is much higher than the inter-industry trade in each of these two sectors. Further, the determinants of these two types of trade are found to differ somewhat in terms of sign and magnitude across the sectors, implying the importance of sector-specific factors as influences on the pattern of trade.
2 been replaced. Instead, there is parts and components trade (also known as vertical intra-industry trade or product fragmentation or outsourcing), where instead of the whole commodity a portion of it is imported or exported on cost consideration. Also, there is trade in differentiated products (also known as horizontal intra-industry trade), where different varieties of the product within the same industry are exported or imported. This new pattern of trade is happening throughout the world, and Southeast Asia is far ahead in this development (Authukorala and Yamashita, 2006) .
The rapid export growth in the Southeast Asia region is particularly attributed to the rise of intra-industry trade in the automotive and electrical appliances sectors (Lall et al. 2004) . The automobile and electrical appliances sectors are important parts of the manufacturing sector, which have attracted a large amount of foreign direct investment. European and American automobile producers are, for example, shifting their production bases toward the emerging market economies of East Asian countries among others (Turkcan, 2011) to take locational advantages and to ensure timely delivery of parts and components. Both the automobile and electrical appliance sectors have been subjected to substantial amounts of intra-industry trade during the past few decades (Athukorala 2006) , and hence deserve special attention for analysis.
To facilitate intra-regional trade, member states of the Association of the Southeast Asian Nations (ASEAN) agreed in 2008 to make the regional forum a legal entity and convert it into a European Community (EC) style ASEAN economic community (AEC) by December 2015. Primarily 9 sectors, including the automobile and the electrical sectors, were identified for special attention. Once the program is fully implemented, intra-industry trade within the region will gain momentum through free cross-border movement of resources and increased amounts of foreign direct investment.
3 From a policy perspective, globalization through intra-industry trade is more convenient than through the traditional inter-industry trade. Economic liberalization through inter-industry trade means expansion of some industries at the expense of others. Hence, the associated adjustment cost is substantial and political opposition to the reform program is often strong. Liberalization of intra-industry trade, on the contrary, yields benefits by flourishing the same industry in both countries. Firms in this case can shift resources internally with minimal retraining costs and without losing substantial amounts of firm-specific skills of the displaced workers.
Intra-industry trade is a common form of trade among the industrialized and the newly industrialized economies. Of late, globalization has enabled many other developing countries to participate in the intra-industry trade. Menon (1996) shows that intra-industry trade is rising faster among the ASEAN countries compared to the intra-industry trade between the ASEAN countries and the rest of the world.
Convergence of income among the members, increasing importance of manufacturing items in total trade, and the regionalization of production structure are important factors behind the increasing trade among the ASEAN members.
This changing pattern of intra-industry trade is more pronounced in the electrical machinery sector. Only 5 per cent of total trade in this sector was intraregional in 1991 which has gradually increased to 31 per cent in 2012. ASEAN countries have thus reduced dependence on the rest of the world in the electrical machinery sector. For the automotive sector, however, total trade within the region remains steady and below 30 per cent during the past two decades. The trend of the percentage share of total trade in the electrical and automotive sectors of the ASEAN countries within the region and with the rest of the world (ROW) are shown in Figure   A3 in the appendix.
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Automobile and electrical appliances are two core manufacturing sectors in the Southeast Asia region and in some segments of these two broadly defined sectors this region is a global leader. For example, more than 80 per cent of the world's hard drives are made from this region.
2 From the country perspective, Thailand has developed strong production base in the air-conditioning and refrigerator segment of the market, while the Philippines has attracted many top class international investors, including Texas Investments and Philips, in the hard drive and semi-conductor industries.
There is dynamism of production re-structuring within the region. Malaysia is moving up the value chain by incurring research and development expenditure and outsourcing activities. This type of production adjustment has shifted the laborintensive part of the production to other less developed member countries like
Vietnam and Indonesia. Structural change within the value chain and regional cooperation imply the rising importance of intra-industry trade in electronics and electrical appliances sectors in Southeast Asia, and make it an interesting case for study.
The rest of the paper is organized as follows. Section 2 discusses some selected literature relevant to this paper. Section 3 describes the data, data sources, and the conceptual framework for classifying trade into various categories. Section 4 presents the relative importance of various types of trade in the automobile and electrical appliances sectors in Southeast Asia during the past two decades. Section 5 explains the determinants of various types of trade in each of these sectors with a standard gravity model and, finally, Section 6 concludes.
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Review of Related Literature
Intra-industry trade is attributed to several factors. From a theoretical perspective, Balassa and Bauwens (1988) emphasize the role of scale economies as a source of intra-industry trade. They argue that in the absence of scale economy all countries could potentially produce all varieties of goods. Helpman and Krugman (1985) utilize an imperfect market structure to explain the existence of intra-industry trade, while Davis (1995) combines the Heckscher-Ohlin model with the Ricardo model to explain intra-industry trade within the perfectly competitive market and constant returns to scale framework. In particular, Davis (1995) shows that when countries differ in terms of technology, a significant amount of intra-industry trade can take place, even though these countries have similar factor endowments.
A part of the intra-industry trade literature is concerned with the international division of the supply chain in commodity production. Instead of producing the whole commodity in a single country, the relevant production line is segmented into several parts depending on skill, technology and factor requirements, and then countries engage in back and forth trade in intermediate inputs until the final product is assembled.
Zeddies ( 
Data and Conceptual Framework
Choosing a low level of aggregation is crucial in identifying intra-industry trade. 
where X ijk is the export of commodity k from country i to country j, and M ijk is the import of commodity k into country i from country j. Commodities that do not fulfill the above criterion fall into one of the two intra-industry trade categories. Trades are considered HIIT if unit value of exports and imports fall within the range given by
where X ijk P and M ijk P are unit values of commodity k charged on exports from country i to country j, and imports into the country i from partner j, respectively. Here α is assumed at 0.25. Trade in commodities that fall outside the range indicated in both equation (1) and equation (2) is classified in the VIIT category.
Intra-industry Trade in Automobile and Electric Machinery Sectors in Southeast Asia
Automobile or electrical machinery plants require markets for their products as well as a low-cost resource base to operate competitively. Southeast Asia is in an advantageous position from this perspective. The economies of this region are growing at fast rates and have a combined market of 600 million people. Low cost of operation and ready availability of skilled labor at competitive wages attract international investors in this region. Also, the current outward foreign direct investment policies of China, thanks to the huge trade surplus that is putting upward pressure on her currency, are encouraging many Chinese firms to invest in the Southeast Asia region. Between 2011 and 2013, investment in Southeast Asia from China has increased from $0.12 billion to $5.9 billion (Hong, 2013) .
In a broader context, Asian countries are gradually shifting their export oriented economic activities from the primary to the manufacturing sector. In 2006-7 manufacturing exports accounted for 92 per cent of all exports in Asia, primarily driven by a surge in the export of the information and communication technology (ICT) and electrical products (Athukorala, 2011) . This particular production pattern results in part from the involvement of Japan and China in the production fragmentation and network trade.
Japan is using the Southeast Asia region as a low-cost production base to supply to that region as well as the outside world. In case of China, final assemblies of 
Explaining Various Types of Trade Flows with the Gravity Model
The gravity model is the most widely used approach in analysing empirical bilateral trade-flow data. In its simplest form, the model states that the amount of trade between two countries depends directly on their economic sizes and inversely on the geographical distance between them. Usually the model is extended to include other variables that act as barriers to trade or promote trade (see for detail Islam, et al. 2014 ). The version of the model employed in this study includes GDP of the exporters and importers, per capita GDP differences of the trading partners, distance, and a measure of income similarity between the trading partners as well as dummy variables for the Asian financial crisis and the global financial crisis. More specifically, the proposed model is: The income similarity index is calculated as the product of relative income shares of the two trading partners, i.e., S ijt = (GDP it / (GDP it + GDP jt ) * (GDP jt / (GDP it + GDP jt ). This type of index for comparing GDP similarity between two countries is suggested in Feenstra (2004) . 4 The index varies from 0 for perfect dissimilarity to 0.25 for perfect similarity. Similar movements in per capita and total GDP series can be conjectured by noting that total GDP is a composite of per capita GDP and population. For most of the countries, population grows at steady rates while the per capita GDP series fluctuates depending on economic conditions. This causes GDP and per capita GDP to follow similar patterns. Yet, differences in per capita GDP are considered a proxy for different factor endowments (Kimura et al. 2007, and Turkcan, 2011) and, hence, provide a greater opportunity for vertical intra-industry trade.
In estimating equation (3), initially two additional gravity model related variables, common border and common language, are included. These two variables appear to create multi-collinearity problems with other variables of the model. Table 1 , indeed, reveals these two as the offending variables. Relatively high values of VIFs for the three variables in the initial model, namely the common border, common language and distance, suggest that the multi-colinearity problem arises from linear combinations among these variables. pooled data tend to reject the null hypothesis of spherical errors (Wooldridge, 2002) .
Examination of the variance inflation factor (VIF) reported in
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The standard Breusch-Pagan-Godfrey and Wooldridge test for serial correlation yields a p-value of less than 0.05 in our models implying the presence of serial correlation.
Similarly, the Breusch-Pagan heteroskedasticity test applied in the context of the fixed-effect models produce p-values of less than 0.05, confirming the presence of heteroskedasticity in these models. Because of violation of these two assumptions, heteroskedasticity and autocorrelation corrected robust standard errors were examined, but the conclusion about the parameter significance remained the same.
This is probably because we have used bootstrapped confidence interval that takes into account the distributional shapes.
In each year, there are many commodity-specific trade flows at the six-digit level classification for both the automobile and the electrical machinery sectors. These individual trade flows are aggregated into horizontal intra-industry, vertical intraindustry, and inter-industry trade in accordance with the rules described in Section 3.
Thus, we have a total of three trade-flow equations for each of the two sectors, for which results are reported in Table 2 . The table also includes an additional regression equation for total trade in each sector, which is used to evaluate the acceptability of imposing the restriction of uniform coefficients across the trade types.
Normality of the model residuals is an important element in drawing valid conclusion about the estimated parameters. The bottom part of Table 2 reports quartile values of residuals for all the models. In case of normally distributed errors, the median of the distribution should be close to zero and the second and the third quartiles will be roughly placed equidistance from the median. Examination of these residual quartile values and the probability density plots reported in Figure A2 
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The pattern of coefficients for combined GDP is similar for the electrical machinery sector, though with somewhat higher values. Rising GDP allows firms to produce at a lower per unit cost by exploiting scale economy, which increases trade flows in general. Higher income also raises the demand for variety, which creates additional horizontal intra-industry trade flows.
The distance coefficients are negative and are of almost equal magnitude for all trade types in the automotive sector. In case of the electrical machinery sector, distance does not play a role for horizontal intra-industry trade among the Southeast Asian countries. However, for vertical intra-industry trade, distance appears as an important factor for determining trade flows, with a coefficient of -13.14 that is statistically significant. Distance is also a negative and statistically significant deterrent to inter-industry trade, so when overall trade is considered, we get a significant negative role of distance for electrical machinery. 6 This experiment produced significant negative signs for the GFC coefficients in all the models in Table 2 . Thus, it seems that the global financial crisis has a clear negative effect on trade flows compared to the contiguous years, but not compared to the periods in the early nineties.
Conclusion
Intra-industry trade is spreading in many parts of the world and Southeast Asia is ahead of other regions in this process. Technological innovations, the emergence of modular production processes and reductions in services link costs have created a particularly favourable environment for intra-industry trade in Southeast Asia. Our analysis shows that inter-industry trade is relatively a small portion of total trade in the automobile and electrical appliances sectors among the Southeast Asian countries and most of the trade flows are of the intra-industry type, either vertical or horizontal.
The importance of various factors in determining these three types of trade flow is investigated using a standard gravity model. The results show that the economic size of the trading partners affects all types of trade flow positively, while distance affects all types negatively. However, the intensity of the effects differs depending on the trade type. The effect of combined GDP is somewhat stronger for both types of intra-industry trade than for inter-industry trade in each sector. The deterrent effect of distance is much stronger for vertical intra-industry trade and interindustry trade than for horizontal intra-industry trade in the electrical machinery sector, but roughly equal across trade types in the automotive sector.
GDP similarity of the partners positively affects trade flows across all types in the automotive industry, but is significantly positive only for the vertical intraindustry trade type in electrical machinery. For GDP per capita differences, the dominant finding is that vertical intra-industry trade declines when there is a difference in the level of development as reflected in GDP per capita. Finally, only weak adverse effects of financial crises are identified, except when the sample is restricted to only a few years around the Global Financial Crisis.
Overall, the results suggest that intra-industry trade is promoted among ASEAN members by the size of their GDPs, their geographic closeness, the similarity in their aggregate GDP and a similar level of their GDP per capita. These findings suggest that economic integration among the ASEAN countries combined with geographic proximity and similar economic size and level of development has brought strong intra-industry trade across differentiated product varieties and along the supply chain within the manufacturing sectors studied.
There is also some indirect evidence of the importance of economies of scale.
This finding is consistent with the large-scale production structure of heavy manufacturing industries where fixed-cost accounts for a significant amount of total 
